BACKGROUND-Retinopathy of prematurity is a leading cause of childhood blindness worldwide. Peripheral retinal ablation with conventional (confluent) laser therapy is destructive, causes complications, and does not prevent all vision loss, especially in cases of retinopathy of prematurity affecting zone I of the eye. Case series in which patients were treated with vascular endothelial growth factor inhibitors suggest that these agents may be useful in treating retinopathy of prematurity.
childhood blindness in the United States and other highly industrialized nations, occurring primarily in infants of low birth weight (≤1250 g; mean, 700 g). 1 The incidence of blindness in infants due to retinopathy of prematurity is relatively low, about 1 case in 820 infants, 2 because of good neonatal care and appropriate screening and treatment. 1 The disorder is a major cause of childhood blindness in developing countries, manifesting in larger premature infants (birth weight ≤2000 g; mean, 1400 g). The worldwide prevalence of blindness due to retinopathy of prematurity is 50,000. 1 Retinal vascularization on the internal retinal surface begins at the optic nerve at 16 weeks' gestation and proceeds anteriorly, reaching the edge of the temporal retina at 40 weeks' gestation. The zone indicates the area of vascularization, with zone I referring to a circle whose radius extends from the optic disk and is twice the distance between the center of the disk and the center of the macula. Zone II resembles an annulus and encircles zone I. It extends from zone I to the nasal extent of the retina. Zone II posterior surrounds zone I and has an external circumference based on a radius (originating at the center of the optic disk) that is three times the distance between the center of the disk and the center of the macula. Zone III is the remaining crescent of retina, primarily on the temporal side. Retinopathy of prematurity in zone I is the most difficult to treat and has a high incidence of recurrence warranting additional treatment. [3] [4] [5] [6] [7] [8] [9] Stages of retinopathy of prematurity are defined by vessel appearance at the interface between the vascular and avascular retinal areas (Fig. 1 ). This interface resembles a line for stage 1, a three-dimensional ridge for stage 2, and a ridge with neovascularization extending into the vitreous gel for stage 3, which is the ideal time for treatment. (Plus disease -as in stage 3+ -indicates that two or more quadrants of the eye have dilated veins and tortuous arteries near the optic disk.) The neovascularization can progress to form fibrous bands that cause partial retinal detachment (stage 4), and ultimately, total retinal detachment (stage 5).
In 1988, cryotherapy (freezing from the external ocular surface, affecting the sclera, choroid, and the full thickness of the retina) was recommended for stage 3+ retinopathy of prematurity extending for 5 consecutive "hours" (150 degrees) or 8 cumulative "hours" (240 degrees, as measured on a clock face) (Fig. 1) . 10 In the 1990s, treatment of stage 3+ disease underwent a slow transition from cryotherapy to laser therapy (in which a laser is applied through the dilated pupil to the internal retinal surface). Both these treatments destroy the majority of the cells that produce vascular endothelial growth factor (VEGF) in the retina. VEGF is a key factor in the progression of retinopathy of prematurity. 11 In 2003, earlier use of conventional laser therapy (called confluent laser therapy by ophthalmologists) was recommended to treat stage 3+ retinopathy of prematurity, which results in better outcomes. 12 Conventional laser therapy for zone I retinopathy of prematurity is successful in approximately 50% of cases but inevitably causes permanent loss of the peripheral visual field and often induces clinically significant myopia. When multiple applications of conventional laser therapy fail to induce regression of retinopathy of prematurity, vitrectomy is required. 13, 14 The pathogenesis of retinopathy of prematurity ( Fig. 1) involves two discrete phases: phase 1 occurs from roughly 22 to 30 weeks' postmenstrual age, and phase 2 from roughly 31 to 44 weeks' postmenstrual age. It is now understood that phase 1 involves relative hyperoxia and decreased VEGF levels, whereas phase 2 involves relative hypoxia and increased VEGF levels. The understanding of these relationships between oxygen and VEGF has allowed for an improved strategy for managing retinopathy of prematurity, including both prevention or early treatment (i.e., in phase 1) and later treatment (i.e., in phase 2). 11 The use of anti-VEGF agents, primarily intravitreal bevacizumab, is an emerging treatment for acute retinopathy of prematurity. 11 The Food and Drug Administration approved intravenous bevacizumab therapy in 2004 for the treatment of metastatic colon cancer; the drug works by reducing the size and number of new vessels feeding metastases. Off-label use of intravitreal bevacizumab therapy for ophthalmologic neovascular disorders began shortly thereafter. 11 Cases and series of cases of stage 3+, 4, and 5 retinopathy of prematurity have been treated with intravitreal bevacizumab, both as monotherapy and in combination with conventional laser therapy or vitrectomy or both. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Contraction of membranes, with resulting acceleration of retinal detachment, can occur when intravitreal bevacizumab is administered too late (at stages 4 and 5). 18, 22 In our prospective, randomized, stratified, controlled, multicenter clinical trial, BEAT-ROP (Bevacizumab Eliminates the Angiogenic Threat of Retinopathy of Prematurity), 30 we compared intravitreal bevacizumab monotherapy and conventional laser therapy with regard to the ocular outcomes among infants with stage 3+ retinopathy of prematurity who had zone I or II posterior disease.
METHODS

STUDY OVERSIGHT
The institutional review boards at the University of Texas and at the 14 other participating hospitals approved the study protocol (available with the full text of this article at NEJM.org). Parents or guardians of the infants provided written informed consent before enrollment, and the study had an independent data and safety monitoring board (see the Supplementary Appendix, available at NEJM.org). The study was conducted in accordance with the protocol.
STUDY DESIGN
The study, which was controlled but not masked, owing to the marks made by laser therapy, compared the efficacy of intravitreal bevacizumab monotherapy (0.625 mg in 0.025 ml of solution) with the efficacy of conventional laser therapy in reducing the incidence of recurrent retinopathy of prematurity. The study was designed by the planning committee (see the Supplementary Appendix). The data for each infant were recorded on a case-report form, sent to the study headquarters (University of Texas Health Science Center at Houston), entered into a password-secured data system by a research assistant, and analyzed by one of the authors.
STUDY PARTICIPANTS
Infants with a birth weight of 1500 g or less and a gestational age of 30 weeks or less were examined, beginning at 4 weeks' chronologic age or 31 weeks' postmenstrual age, whichever was later. 31 Serial eye examinations were performed according to a standard schedule suggested by the American Academy of Ophthalmology, the American Academy of Pediatrics, and the American Association for Pediatric Ophthalmology and Strabismus. 31 The International Classification for Retinopathy of Prematurity (revised) was used to classify retinopathy of prematurity. 32 
ENROLLMENT
Enrollment occurred between March 13, 2008 , and August 4, 2010. Infants with stage 3+ retinopathy of prematurity in zone I or zone II posterior in each eye were eligible. Infants with stage 4 or 5 retinopathy of prematurity in either eye were not eligible. We used RetCam photography (Clarity Medical Systems) to document retinopathy of prematurity before randomization; eligibility was established by the treating ophthalmologist and was confirmed by a second ophthalmologist on the basis of electronically transmitted RetCam images.
RANDOMIZATION
A secure, computer-generated randomization schedule stratified on the basis of zone was maintained by a study-group member who did not participate in enrollment. Treatment assignments were revealed to the investigators only after eligibility for enrollment had been confirmed. Infants (both eyes) were randomly assigned to undergo either conventional laser therapy or intravitreal bevacizumab monotherapy. We randomly assigned infants, rather than eyes, to the study groups because VEGF circulates in the blood, and recurrence in one eye could therefore affect the contralateral eye, and because substantial inflammation after conventional laser therapy in one eye and little inflammation after intravitreal bevacizumab therapy in the other eye could result in irreversible deprivation amblyopia in the eye that underwent conventional laser therapy.
OCULAR OUTCOMES
Data from the Cryotherapy for Retinopathy of Prematurity (CRYO-ROP) trial (ClinicalTrials.gov number, NCT00000133) 10 and the Early Treatment for Retinopathy of Prematurity (ETROP) trial (NCT00027222) 12 suggest that recurrence after peripheral retinal ablation for stage 3+ retinopathy of prematurity generally occurs before 55 weeks' postmenstrual age. In our initial submission to ClinicalTrials.gov, we defined the primary outcome in terms of treatment success: an absence of recurrence of stage 3+ retinopathy of prematurity in one or both eyes in zone I or posterior zone II by 54 weeks' postmenstrual age. Before the date on which the data were first analyzed, we changed the primary outcome to treatment failure: the recurrence of neovascularization in one or both eyes arising from the retinal vessels and requiring retreatment by 54 weeks' postmenstrual age (with ascertainment performed between 50 and 70 weeks). We took RetCam photographs to document recurrence; the treating and confirming ophthalmologists viewed these photographs, without masking of treatment assignments, before deciding on additional treatment. Cases requiring additional treatment consisting of a few laser applications to inadvertently skipped areas within 1 week after initial treatment were not considered to be recurrences.
In addition, we took RetCam photographs of all infants 1 week and 1 month after the initial and any additional treatments and at 54 weeks' postmenstrual age. The photographs taken at 54 weeks were assessed post hoc by six independent experts on retinopathy of prematurity who made up the BEAT-ROP Reading Center (see the Supplementary Appendix). Treatment assignments were concealed from these ophthalmologists by cropping the photographs so that they included only the optic disk and macula (without laser marks), to allow for evaluation of the ocular outcomes of macular dragging and retinal detachment. A consensus was reached by the reading center for every case of macular dragging or retinal detachment. Recurrence of disease and the need for retreatment were validated by the reading center on the basis of the full, uncropped photographs.
STATISTICAL ANALYSIS
Findings from the CRYO-ROP trial 10 and ETROP trial 12 suggested that the recurrence rates with conventional laser therapy would be up to 50% for zone I disease and up to 20% for zone II posterior disease. The clinical data available at the time that we designed our study suggested that the recurrence rates after intravitreal bevacizumab monotherapy would be 10% for zone I disease and 1% for zone II posterior disease. Assuming a rate of death or loss to follow-up of 10%, we calculated that a sample of 24 participants per treatment group for zone I disease and 50 participants per treatment group for zone II posterior disease would be required to detect a significant difference in the rate of the primary outcome between the two treatment groups. Thus, to draw an overall conclusion regarding the efficacy of intravitreal bevacizumab in both zones, the study was designed to enroll a total of 150 infants, at least 50 of them with zone I retinopathy of prematurity.
Descriptive statistics from a two-sample t-test or Fisher's exact test were used to evaluate whether the group of infants assigned to intravitreal bevacizumab and the group assigned to conventional laser therapy were similar before treatment with respect to demographic and clinical characteristics, including risk factors for retinopathy of prematurity. The primary ocular outcome, recurrence of retinopathy of prematurity, is a variable with three possible values: 0 for recurrence in neither eye, 1 for recurrence in one eye, and 2 for recurrence in both eyes. This outcome was evaluated by means of an ordered logistic-regression model. The primary analysis was an intention-to-treat analysis of all infants who were randomly assigned to a treatment group. Infants who died or were lost to follow-up were considered to have missing data in the primary analysis. We also carried out a post hoc sensitivity analysis in which deaths were considered to be recurrences. SAS for Windows software, version 9.1 (SAS Institute), was used to perform all statistical analyses. A P value of less than 0.05 was considered to indicate statistical significance.
RESULTS
INFANTS
We enrolled a total of 150 infants with stage 3+ retinopathy of prematurity -67 infants with zone I disease and 83 infants with zone II posterior disease (Fig. 2) . A total of 75 infants were randomly assigned to undergo intravitreal bevacizumab monotherapy, and 75 to conventional laser therapy. Table 1 lists clinical characteristics of infants and risk factors for retinopathy of prematurity. One protocol violation occurred, involving an infant with zone I disease who was randomly assigned to the conventional laser therapy group but was instead treated with intravitreal bevacizumab. Table 1 shows that the number of infants intubated as part of treatment was significantly greater in the conventional laser therapy group than in the intravitreal bevacizumab group (P<0.001). Table 2 shows the ocular outcomes for the 143 surviving infants who were evaluated for recurrent retinopathy of prematurity at 54 weeks' postmenstrual age, including 1 infant who received intravitreal bevacizumab in violation of the protocol; the outcome for this infant was included with the data for the laser-therapy group (i.e., we adhered to an intention-totreat analysis). The rate of recurrence (primary outcome) for zone I and posterior zone II combined was significantly higher with conventional laser therapy than with intravitreal bevacizumab (26% [19 of 73 infants]) vs. 6% [4 of 70 infants]; odds ratio with bevacizumab, 0.17; 95% confidence interval [CI], 0.05 to 0.53; P = 0.002). The absolute difference between the two groups in the risk of recurrence was 20 percentage points (95% CI, 9 to 32). A post hoc sensitivity analysis with deaths considered as bilateral recurrences (i.e., recurrence in both eyes) yielded similar results (odds ratio for recurrence with bevacizumab vs. laser therapy, 0.36; 95% CI, 0.15 to 0.84; P = 0.02). The four reported cases of complications -one case of corneal opacity and three of lens opacity -occurred in association with conventional laser therapy for zone II posterior disease.
RECURRENT RETINOPATHY
The rate of recurrence with zone I disease alone was significantly higher with conventional laser therapy than with intravitreal bevacizumab (42% [14 of 33 infants] vs. 6% [2 of 31 infants]; odds ratio with bevacizumab, 0.09; 95% CI, 0.02 to 0.43; P = 0.003) ( Table 2) . We observed recurrence after intravitreal bevacizumab in a total of two eyes (unilateral), with macular dragging in one of the two eyes. We observed recurrence after conventional laser therapy in 23 eyes (5 unilateral and 9 bilateral), with macular dragging in 16 eyes and retinal detachment in 2 eyes.
The rate of recurrence with zone II posterior disease alone did not differ significantly between the laser-therapy group and the bevacizumab group (12% [5 of 40 infants] and 5% [2 of 39 infants]; odds ratio with bevacizumab, 0.39; 95% CI, 0.07 to 2.11; P = 0.27) ( Table  2 ). Retinopathy recurred in four eyes (bilateral in two infants) after intravitreal bevacizumab therapy, with no instances of macular dragging but with retinal detachment in two eyes (bilateral). After conventional laser therapy, retinopathy recurred in nine eyes (one unilateral and four bilateral), with macular dragging in six eyes but with no instances of retinal detachment.
REVASCULARIZATION
Conventional laser therapy resulted in permanent destruction of the vessels in the peripheral retina, whereas intravitreal bevacizumab allowed for continued vessel growth into the peripheral retina, a finding that is consistent with previous studies of case series. 21, 26, 29 This is evident in Figure 3 , which shows photographs of retinas before treatment and fluorescein angiograms of the retinas 1 year after treatment in two infants with zone I retinopathy of prematurity, one treated with conventional laser therapy and the other treated with intravitreal bevacizumab.
INFANTS WHO DIED
Seven infants (five who underwent intravitreal bevacizumab therapy and two who underwent conventional laser therapy) died before 54 weeks' postmenstrual age and without having reached the primary outcome. Table 3 lists the baseline clinical characteristics of these infants, their risk factors for retinopathy of prematurity, and the circumstances of their deaths.
DISCUSSION
Our clinical study showed increased efficacy of intravitreal bevacizumab as compared with conventional laser therapy for stage 3+ retinopathy of prematurity when both zones I and II were considered (absolute difference in the risk of recurrence, 20 percentage points; 95% CI, 9 to 32). Our sample was sufficiently large to show significant efficacy of intravitreal bevacizumab for zone I disease but not for zone II posterior disease. Bevacizumab is an inexpensive drug that can be rapidly administered at the bedside by any ophthalmologist. In contrast, conventional laser therapy is laborious and requires special training to administer, as well as expensive equipment, endotracheal intubation, and a location designated for the use of lasers.
Safety is the primary reason for exercising caution when considering the use of intravitreal bevacizumab in the treatment of neonates. Both mortality and morbidity must be considered. For an assessment of mortality at a 5% significance level and with 80% power, a sample of 2800 infants would be required to determine whether intravitreal bevacizumab, as compared with conventional laser therapy, is associated with a significantly increased death rate (i.e., a rate 1.5 times as high as the 5.4% death rate at less than 9 months in the ETROP clinical trial). An assessment of local or systemic toxicity would require an even larger sample. Ocular inflammation has been observed after seven or more injections of bevacizumab. 33 As compared with other currently available anti-VEGF agents, bevacizumab has the advantage of being a large molecule (150 kD; it is a full antibody) that cannot penetrate the intact retina or escape the eye except in very small amounts, as shown in animal models (unless laser therapy has destroyed the natural retinal barrier). 34 Taken together, the relatively long halflife of intravitreal bevacizumab (5 to 10 days), 35, 36 the highly viscous preterm vitreous gel, and a definitive end point (completion of retinal vascularization) suggest that a single injection of bevacizumab (half the dose typically administered intravitreally in adults for ocular neovascular diseases such as age-related macular degeneration and diabetic retinopathy) would be adequate to treat retinopathy of prematurity. 34 A pathological study of the eyes of a very-low-birth-weight infant (350 g) born at 22 weeks' gestational age who was treated with intravitreal bevacizumab showed no local toxic effects. 37 The infant received two injections of intravitreal bevacizumab (0.50 mg in 0.02 ml of solution) in each eye, with continuation of retinal differentiation and vascularization to the point at which retinal precursors would have migrated before preterm birth. 37 A major ocular side effect of ablative conventional laser therapy, especially in infants with zone I retinopathy of prematurity, is clinically significant loss of visual field. 34 At the time of preterm birth in infants of 24 weeks' gestational age or younger, the retinal vessels (which have already formed) and the vascular precursors (which would normally develop into retinal vessels) stop advancing. After intravitreal bevacizumab monotherapy, the retinal vessels advance to the point at which the vascular precursors have ceased migration, with differentiation of the underlying retina. However, the vascular precursors do not advance; thus, the far peripheral retina never fully vascularizes and does not differentiate (Fig. 3D ). 38 Treatment with intravitreal bevacizumab also averts the complications of conventional laser therapy in very mild stage 3+ retinopathy of prematurity that might regress spontaneously. 12 Furthermore, intravitreal bevacizumab allows for the successful treatment of very extensive stage 3+ retinopathy of prematurity, both standard (type 1) and aggressive posterior (type 2) retinopathy, because intravitreal bevacizumab, which is available immediately after administration, decreases the high levels of VEGF in the vitreous gel, which are not reduced by conventional laser therapy. 34 Although the literature suggests that intravitreal bevacizumab monotherapy is uniformly successful for stage 3+ retinopathy of prematurity, 21, 26, 29 we observed that disease recurred in 2 of 62 eyes in infants with zone I disease and in 4 of 78 eyes in infants with zone II posterior disease. Moreover, for both zones considered together, the mean (±SD) time to recurrence was 16.0±4.6 weeks for 6 eyes after intravitreal bevacizumab therapy, as compared with 6.2±5.7 weeks for 32 eyes after conventional laser therapy (Table 2) . This serves as a warning to clinicians that careful follow-up is needed in infants treated with intravitreal bevacizumab, who cannot be considered to be successfully treated until there is completion of vascularization with no active disease or clinically significant tractional elements. We observed no systemic or local toxic effects attributable to the administration of bevacizumab, but our study was too small to address the question of whether intravitreal bevacizumab is safe.
Additional research is needed to determine the dose of intravitreal bevacizumab that should be used for retinopathy of prematurity at any stage versus advanced disease and for standard (type 1) versus aggressive posterior (type 2) disease. Criteria should be developed regarding the duration and frequency of follow-up and the management of recurrence.
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